Serial measurements of maternal and umbilical cord plasma noradrcnaline concentrations were obtained in 10 patients undergoing normal vaginal delivery with segmental extradural analgesia, in 10 patients undergoing normal vaginal delivery without extradural analgesia, and in 12 patients undergoing elective Caesarean section under general anaesthesia. Maternal noradrenaline concentrations increased significantly during delivery in all three groups, the peak concentrations occurring at delivery. However, the increase in the maternal noradrenaline concentration during delivery in the extradural group was lower than in the non-extradural group (P<0.05). Umbilical venous and arterial concentrations of noradrenaUnc were lower after Caesarean section than after vaginal delivery. However, extradural analgesia did not affect the fetal noradrenalinc concentrations. Since noradrenaline is probably required for the adaptation of the newborn to extrauterine life, the unaltered fetal response may be beneficial.
Maternal plasma catecholamine concentrations are increased during vaginal delivery, especially in prolonged and painful labours (Lederman et al., 1978) . Although this is a normal reaction to stress, the increase in noradrenaline concentration may produce maternal vasoconstriction and thus impair utero-placental blood flow and this may, in turn, put the fetus at risk.
Extradural analgesia relieves pain during labour and modifies the maternal stress response. The secretion of cortisol and free fatty acids is reduced Qouppila et al., 1976; Maltau, Andersen and Skredi, 1975) and the secretion of maternal prolactin is increased Qouppila et al., 1980) , the secretion of prolactin being controlled by noradrenaline (Founder, Desjardins and Friesen, 1974) .
The effects of delivery, and extradural analgesia, on maternal and fetal noradrenaline concentrations have been determined by measuring the maternal plasma noradrenaline concentration at different stages during vaginal delivery with and without extradural analgesia. In addition, values obtained in patients undergoing Caesarean section have been included for comparison. nancies at term (38-42 weeks) were studied. Twenty had spontaneous vaginal delivery, and 12 an elective Caesarean section under general anaesthesia because of pelvic disproportion.
PATIENTS AND METHODS
In the vaginal delivery group, 10 mothers received extradural analgesia to a level of Tl0-12 for pain relief during the first stage of labour (extradural group). Analgesia was initiated when the cervix was dilated at least 3 cm (mean 3.4 cm). A single dose of 4 ml (20 mg) of 0.5% bupivacaine was administered to six patients; the other four received one additional dose of 0.5% bupivacaine.
Three parturients in the other group of 10 patients (non-extradural group) undergoing vaginal delivery received pethidine 50 mg i.m. for pain relief. Seven women did not require any pharmacological agent for the relief of pain. There were no differences in the mean age,-parity and the length of labour between these two groups.
General anaesthesia for Caesarean section was preceded by atropine 0.5 mg i.v. and 3 min of preoxygenation. Anaesthesia was induced with thiopentone 4 mg kg"
1 . Suxamethonium 100 mg was administered and, after intubation of the trachea, anaesthesia was maintain^ with 50% nitrous oxide in oxygen until delivery.
Blood samples for the assay of noradrenaline were obtained in the vaginal delivery groups at a cervical dilatation of 3 cm (before extradural blockade), a cervical dilatation of 6-8 cm, and immediately after delivery. In the Caesarean section group the blood samples were taken before the induction of anaes- J thesia, after the induction of anaesthesia at the time of skin incision, and following delivery.
Umbilical venous and arterial blood samples were taken before cord clamping in the vaginal delivery groups, and from the clamped cord in the Caesarean section group. The blood samples were centrifuged immediately in chilled heparinized tubes. Perchloric acid was added to precipitate the proteins and the plasma frozen. Noradrenaline concentration was measured by a radio-enzymatic method described in detail by Lake, Zieglerand Kopin(1976) . The sensitivity of this method was within 0.02 ng in 1 ml of plasma. Duplicate assays were determined on one sample; the intra-assay variation was less Than 10%.
The results were analysed statistically with Student's t test, and linear regression analyses.
RESULTS
All the labours were uneventful. The first stage of labour was painless in all the 10 parturients receiving extradural analgesia. All 32 babies had Apgar scores of 8 or more at 1 min and 5 min.
In both vaginal delivery groups, maternal plasma noradrenaline concentrations increased during labour, with peak concentrations occurring at delivery (table I). These peak concentrations were higher in the non-extradural (P< 0.005) and extradural (P<0.05) groups than their respective baseline concentrations. Baseline concentration was slightly higher in the non-extradural group than in the extradural group (P< 0.05). The increase in noradrenaline concentration during labour in the nonextradural group (86 ± 63%) was greater (P< 0.05) than that in the extradural group (37 ± 38%) ( fig. 1) . Consequently, the mean maternal concentration at delivery in the non-extradural group was greater (P<0.01) than in the extradural group.
Before the induction of general anaesthesia (Caesarean section group) the mean maternal noradrenaline concentration was similar to the baseline values in the vaginal delivery groups. During Caesarean section the maternal concentration of noradrenaline increased (P < 0.05) and, at delivery, was similar to the values in the non-extradural group, and greater (P< 0.01) than the values in the extradural group (table I) .
In the vaginal delivery groups the umbilical venous and arterial noradrenaline concentrations were many-fold higher than the maternal concentrations at delivery, while in the Caesarean section group the umbilical arterial noradrenaline concentration was only twice as high as the maternal concentration. Umbilical cord concentrations did not differ between the extradural and the non-extradural groups (table II) . Umbilical venous and arterial concentra- tions of noradrenaline in the non-extradural, and the venous concentration in the extradural group were greater (P<0.02, P<0.001; P<0.05) than the respective concentrations after elective Caesarean section (table II) .
DISCUSSION
The maternal plasma concentrations of noradrenaline increase during labour, particularly if the labour is painful and prolonged (Lederman et al., 1978) . In the present series, maternal plasma concentrations were similar to those seen in previous studies (Lederman et al., 1977; Falconer and Powles, 1982) and segmental extradural analgesia did not totally prevent the increase in the maternal concentration induced by labour. However, the increase was more pronounced in the non-extradural group. Thus, the present findings suggest that segmental extradural analgesia decreases the maternal response to the stress, although not as strongly as lumbar extradural blockade (Falconer and Powles, 1982) . This difference is understandable, since the extent of sympathetic blockade achieved with these various extradural techniques is different. In lumbar extradural analgesia the segments from T10 to SI are blocked (Falconer and Powles, 1982) whereas, in this study, extradural analgesia affected only the segments from T10 to T12. Thus, the more extensive lumbar extradural blockade might decrease the release of noradrenaline from sympathetic nerve terminals more effectively than segmental extradural blockade.
Acute maternal distress and increased concentrations of maternal noradrenaline (Rosenfeld and West, 1977) have been associated with maternal vasoconstriction and decreases in placental blood flow. The latter can be improved by segmental extradural analgesia and, to a greater extent, by lumbar extradural blockade (Jouppila et al., 1978; Jouppilaetal., 1979; Hollmenetal., 1982; Jouppila et al., 1982) . Thus, the findings of partial blockade of the maternal noradrenaline response to labour during segmental extradural analgesia, and more effective blockade during lumbar extradural blockade (Falconer and Powles, 1982) , are consistent with the changes in placental blood flow observed with these two techniques.
The maternal concentrations of noradrenaline increased also in connection with Caesarean section. This is probably attributable to such factors as tracheal intubation and the stress of the operation. In one previous study (Irestedt, Lagercrantz and Hjemdahl, 1982) the maternal concentration of noradrenaline, at delivery, was similar during Caesarean section and vaginal delivery without extradural analgesia. In this study it was greater in the Caesarean section group than after vaginal delivery with extradural blockade. This suggests that vaginal delivery with extradural blockade is, in this respect, less stressing to the mother than the other types of delivery studied.
In the present study, as in previous studies (Falconer and Lake, 1982; Irestedt, Lagercrantz and Hjerndahl, 1982; Puolakka et al., 1983) , the umbilical cord blood noradrenaline concentrations, after vaginal delivery, were higher than after Caesarean section. The reason for this might be the mechanical effects on the fetus during vaginal delivery, or fetal hypoxia, which may occur transiently even in normal labour, during contractions, and lead to an increase in the release of fetal catecholamines. The low fetal concentrations of noradrenaline after elective Caesarean section may be at least partly a result of the absence of labour. The similarity of the umbilical cord blood catecholamine concentrations after vaginal delivery and after emergency Caesarean section also lend support to this explanation (Eliot etal., 1980) . On the other hand, there is a higher frequency of respiratory distress in infants delivered by Caesarean section than in those delivered vaginally (Usher, Allen and McLean, 1971) and this might be caused by low sympathoadrenal activation after Caesarean section. This phenomenon was seen also in this study and may result in delayed absorption of lung liquid and a decrease in the release of pulmonary surfactants (Usher, Allen and McLean, 1971) . Segmental extradural analgesia did not affect the fetal noradrenaline response to the stress of labour. This phenomenon is likely to be beneficial, since the adaptation of the fetus to neonatal life is probably controlled by the fetal catecholamines. For this reason, and because segmental extradural blockade slightly decreased maternal plasma concentration of noradrenaline during labour, it can, in this respect, be regarded as a safe analgesic technique in obstetrics.
